Purpose] We investigated the effect of lower extremity muscle strengthening exercise and treadmill walking exercise on the gait and balance of stroke patients.
INTRODUCTION
Stroke causes long-term impairment and it reduces mobility. A lack of motor ability in the lower extremity affects walking ability and balance and increases the risk of a fall 1) . The reduced walking ability of hemiplegic patients is caused by flaccidity, spasticity, and dysfunction of the lower extremity of the affected side and is a key factor in preventing patients from achieving full independence 2) . A treadmill is widely used as a treatment method for improving the walking ability of stroke patients. A treadmill provides repeated and rhythmic walking motions in an upright position with the body weight supported by the lower extremities 3) . Treadmill exercise is therapeutically used as a walking exercise with the body weight supported and with the body weight unsupported. It was reported that treadmill walking provides not only a treatment for standing, but also for the muscle-strengthening, balance and motor control required for walking 4) . Body weight supported treadmill walking was reported to be effective for improving the gait of the subjects who were able to walk independently during the treatment 5) . Additionally, it was also reported that walking exercise without any body weight support improved the symmetry of the stride length in chronic hemiplegic patients 6) .
Weakened muscle strength, one of the chronic symptoms of stroke patients, is a factor that limits functional rehabilitation. Sharp stated that muscle-strengthening exercise is important because the extensibility of the knee joint is increased through lower extremity muscle strength training and increased lower extremity muscle strength is closely associated with an increase in walking speed 7) . It was also reported that a lower extremity muscle strengthening program increased the strength of the extensors and flexors of the hip joint, the extensors and flexors of the knee joint, and the sole flexors and dorsum flexors of the ankle joint, as well as subjects' performance in static and dynamic balance tests 8) .
However, previous studies on the improvement of gait and balance of stroke patients have focused on the effect on walking ability. Studies of walking and balance ability have performed muscle strengthening exercises using expensive constant speed muscle strengthening equipment that are hardly ever used by stroke patients. Therefore, in this study, we investigated the effects of lower extremity muscle strengthening exercise on the gait and balance of stroke patients using lower extremity muscle strengthening equipment that is widely available in clinical treatment situations, and compared the results with those of treadmill walking exercise.
SUBJECTS AND METHODS
In this study, the subjects were patients of W hospital located in Daegu, Korea, and they performed walking exercise or lower extremity muscle strengthening exercise for 30 min, 3 times a week, for 6weeks. In addition, both groups received neurodevelopmental treatment for 30 min once a day, five times a week and FES (functional electrical stimulation) treatment for 20 min once a day, five times a week. The subjects were individuals who had hemiplegic resulting from stroke for more than 3 months. They were able to maintain a standing position independently for more than 30 seconds and could walk indoors continuously for more than 30 m independently. Also, they had no problems with walking due to orthopedic surgery or impairment, a Modified Ashworth Scale stiffness 2 or less and a lower extremity muscle strength measured as F or higher in the Manual Muscle Test. All subjects were able to understand and follow the instructions of the researchers and voluntarily participated in the study. They were given sufficient explanation about the intention and procedure of the overall experiment and they provided their informed consent.
The Chi-square test was used to analyze the gender of all the participants in the study and the independent t-test was used to examine subjects' age, height, body weight, type of paralysis, type of stroke, and the duration of disorder. The two groups were statistically homogeneous, since no significant difference was found in the analyses (p>0.05) ( Table 1 ). The characteristics of the participants were verified through the medical records of the hospital and 20 of subjects were allocated to the treadmill walking group (TWG) and 24 to the muscle strengthening group (MSG). For TWG, the exercise was performed in 30 minute sessions using EN-MILL (ENRAF NONIUS Company, Netherlands) in the speed range in which the independency or stability of walking did not decline, gradually increasing the walking speed from 1.0 km/h up to 2.5 km/h depending on the conditon of the individual patients. For MSG, the exercise was performed using lower extremity muscle strengthening equipment (Model EN-Dynamic Seated Leg press, Model EN-Dynamic knee extension, Model EN-Dynamic Leg Abductor, ENRAF NONIUS company, Netherlands). The load was 40% of 1 repetition maximum (RM), which is the intensity used for the elderly in muscle strengthening, 30 times in each of 2 sets at one equipment station, with 5 minutes of rest between the sets. From the fourth week of the experiment, the subjects did 3 sets at each equipment station, and the intensity was increased up 60% of 1 RM.
The evaluations of walking and balance ability were carried out before the start of the exercise program and 6 weeks after the start of the program. To measure walking ability, we used the 10 m walking test and the timed upand-go (TUG) test. For the measurement of balance ability, a balance performance monitor (BPM) that was made by SMS Healthcare, UK, and for which the validity has been was verified through a single-case experimental design, and a Berg Balance Scale (BBS) were used.
The experimental results were statistically analyzed using SPSS 12.0 KO (SPSS, Chicago, IL, USA). After the general characteristics of the subjects were determined, paired t-tests were used to compare the changes in gait and balance between pre and post-interventiont in each group. The differences between the 2 groups were tested using the independent t-tests. The level of statistical significance α, chosen at 0.05.
RESULTS
The paired samples t-test was performed to compare the results of the 10 m walking test, TUG, BBS, and dynamic average balance of TWG and MSG before and after the experiment. The results show that significant differences were found for all the items in both groups (p< 0.05) ( Table  2 ).
The independent t-test was performed to examine the differences in the 10 m walking test, TUG, BBS, and dynamic average balance before and after the experiment between TWG and MSG. The results show that there was no significant difference between the two groups in any of the items (p<0.05) ( Table 3) .
DISCUSSION
Impaired walking ability after stroke is a great obstacle to the functional independency of patients. Walking exercise using a treadmill provides stroke patients with the advantages of enhancing coordinative exercise of the legs while controlling body weight load during walking and through this an improvement in walking speed is acheived 3, 9) . In addition, a program to increase lower extremity muscle strength and improve balance during walking, walking speed, and walking distance is very effective for stroke patients 10) . In this study, we investigated the effects of lower extremity muscle strengthening exercise on the gait and balance of stroke patients using a treadmill that is widely applied in clinical treatment and lower extremity muscle strengthening equipment that is readily available.
Decreased lower extremity muscle function of stroke patients greatly affects support, movement, and balance of the body. It impairs not only the ability to use appropriate power, but also inhibits the rapid production of force as it affects the onset, timing, order of use muscle strength, and maintenance and balance of the power 11) . In a previous study examining lower extremity muscle strengthening, 10 weeks of muscle strengthening exercise and aerobic exercise preformed by chronic stroke patients improved their functional performance and quality of life and increased their walking ability 12) . Additionally, in a study in which chronic stroke patients carried out 10 weeks of muscle strengthening exercises using sandbags and a Theraband in 30 minute sessions 3 times a week, walking speed was improved 13) . Also, in a study where resistance exercise was carried out at 30-50% of the maximum muscle strength of the upper and lower extremities for 4 weeks, good results were found for ascending a staircase, standing up from a chair, walking speed, and balance 14) . The results of these previous studies are in agreement with the results of this study in which walking and balancing abilities were improved by muscle strength training. In addition, the effect and importance of treadmill exercise for hemiplegic patients were mentioned in a previous study related to treadmill exercise, which reported the advantage of preventing the risk of fall for the patients 15) . Walking speed, cadence, and symmetry of stroke patients were improved after treadmill walking exercise 16) . Moreover, walking speed was measured in a ground walking exercise group and a treadmill walking exercise group separately and the result showed that walking speed was significantly increased in the treadmill walking exercise group over the ground walking exercise group 17) . One reported that walking speed and endurance were significantly increased when chronic hemiplegic patients performed treadmill walking exercise 18) . This result is similar to the improved walking ability and balancing ability gained by treadmill walking in this study.
There was no significant difference between the two groups when the differences of the10 m walking test, TUG, BBS, and dynamic average balance before and after the experiment were compared. This result indicates that both types of exercise were effective, though neither can be considered more effective than the other at improving the walking and balance ability of stroke patients. The p values of the results of each group after the exercise show that the improvement in MSG was more significant than that in TWG, showing the importance and practicality of lower extremity muscle strengthening exercise. Further studies may be necessary to develop a more systematic treatment program using muscle-strengthening equipment which depends on resistance intensity and exercise duration. 
